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ABSTRACT 

In this paper we report the discovery of echpses in the early-type Magellanic binary 
Sk-69°194 . We derive an ephemeris for this system, and present a CCD V light curve 
together with CCD spectroscopic observations. We also briefly discuss the nature of 
the binary components. 
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1 INTRODUCTION 

Sk-69°194 (q = 5 : 34 : 36, 5 = -69 : 45 : 37, J2000) is one 
of the brightest stars in the OB association LH 81 (Lucke 
& Hodge 1970), in the Large Magellanic Cloud. Wester- 
lund (1961) studied that region, and obtained for Sk-69°194 
(which he identified as the star number 10 in Table 28) 
V = 12.30 and B - V = -0.15 (notice that Figs. 7 and 
8 are interchanged in Westerlund's work, i.e. Sk-69°194 is 
the star number 10 in his Fig. 7). In its regard, he just 
pointed out that probably it was a variable star. The name 
Sk-69°194 comes from the Sanduleak's obj ective prism sur- 
vey (Sanduleak 1969). Later on, Isserstedt (1975) performed 
UBV photo-electric photometry, obtaining V = 11.98 :, 
B - V = -0.08 and U - B = -0.96. He also suspected 
that Sk-69°19 4 was a photometric variable. More recently, 
Massey et al. ( ^000| ) classified Sk-69°194 as BOI-hWN. 

LH 81 is one of the regions that we observed when 
searching new eclipsing binaries. In this paper we announce 
that Sk-69°194 is an eclipsing binary system and present its 
light curve and radial velocity measurements. We have also 
tried to model our data by means of the Wilson-Devinney 
(hereafter W-D) programs (Wilson & Devinney 1971, Wil- 
son 1990, Wilson 1993). Based on the spectroscopic data 
and the results of the W-D model, we discuss the nature of 
the binary components. 



2 OBSERVATIONS AND REDUCTIONS 

CCD V photometry of Sk-69°194 was acquired during four 
observing runs between 1998 and 2001, with the 2.15-m tele- 
scope at CASLEO0. A focal reducer was used, yielding a cir- 
cular field of diameter about 9 arcmin and a scale of 0.813 
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arcsec px . The reduction of the data was performed by 
means of IRAF0 routines. 

The CCD spectrograms were obtained with a REOSC ^ 
spectrograph used in its single dispersion mode, attached to 
the same telescope between 2000 and 2001. A 600 grooves 
mm~^ grating was used, giving a reciprocal dispersion of 
1.63 A px~^. Our spectrograms comprise the range from 
about 3900 to 5500 A. The reductions and analysis of the 
spectroscopic observations were also performed by means of 
IRAF. 

Both the photometric and the spectroscopic observa- 
tions were acquired by means of a CCD Tek 1024 x 1024 
detector. 



3 PHOTOMETRY 

Aperture photometry was carried out using a stand-alone 
version of DAOPHOT (Stetson 1987, 1991). In order to tie 
all the instrumental magnitudes to a common instrumental 
system, we used about 15 stars in the field of Sk-69°194 
as local standards. Just after the first observing run, the 
photometric data showed deep eclipses, of the order of a 
half magnitude. 

During a photometric night, in December 5, 1998, we 
also acquired B and R frames of the Sk-69°194 field, to- 
gether with photometric standards of the selected areas SA- 
92 and SA-98 (Landoh 1992), with the aim of linking the 
instrumental and standard photometric systems. 
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Table 2. Radial velocities 
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Figure 1. The observed and modelled V light curves for Sk- 
69° 194 and their concomitant O-C residuals. Circles, triangles, 
squares and diamonds stand for the data acquired during the 
observing runs in 1998, 1999, 2000 and 2001, respectively. 



From the observations of that night, we derive the fol- 
lowing magnitudes and colours for Sk-69°194 : 

V = 12.378 ±0.010 
B - V = 0.013 ±0.016 

V -R = -0.010 ±0.014 

at HJD=2451153.813. This corresponds to 4> = 0.534, there- 
fore the colour indexes must be considered with caution. 
Besides, Sk-69°194 showed to have slight variations in the 
shape of its eclipses (see below) . The magnitude correspond- 
ing to = 0.25 is 1/ = 11.83. Table |l| displays our V aperture 
photometry (transformed to the standard system) , together 
with the internal errors derived from the local standards, 
seeing and airmass. 



4 SPECTROSCOPY 

The spectrum of Sk-69°194 exhibits noticeable changes with 
phase. Only the spectrum of one of the stars is distinguish- 
able. Based on our data and ultraviolet observations down- 
loaded from the lUE Q archive, we classified the spectrum 
accordin g to t he classification criteria of Walborn & Fitz- 
patrick (199C), corresponding approximately to the type 
BNOIa. That spectrum is easily measurable, and shows or- 
bital velocity excursions of ~ 425 kms~^ of amplitude. The 
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2287.704 
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2293.633 
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0.016 


246 ± 16 


2328.651 


0.634 
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emission in the region around Nlll 4634-Hell 4686, very 
weak compared with which is usual in WN stars (as also 
pointed out Massey et al. 2000), does not show any men- 
surable velocity variation as far as can be determined from 
our data. This spectral region also shows the more striking 
phase changes, due to the blend of the emission with the 
supergiant's absorption lines. 

We determined the radial velocity at phase 0.016 (when 
the B supergiant is at inferior conjunction) measuring sev- 
eral absorption lines. The velocities corresponding to the 
other phases were derived by cross correlation by means of 
the FXCOR IRAF task, using the spectra taken at phase 
0.016 as template and avoiding the range of 4500-4800 A. 
The measured velocities are given in Table ^. 

Four of the obtained spectra, corresponding to both 
conjunctions and both quadratures, are displayed in Fig. ^ 
It is interesting to point out that the Nlll 4515 absorption 
is more notorious in the spectra acquired near quadratures. 



5 EPHEMERIS 

It was not straightforward to derive an ephemeris only from 
the photometric observations. This was due to the fact that 
the shape of the hght curve varied between 1998 and 2001, 
and to the intrinsic incompleteness of our data. With the 
aid of our radial velocity measurements, we succeeded in 
deriving a period and a time of minimum, 



P = 12.2252 ±0.0035 



To = 2451501.815 ±0.012 



Operated by the National Aeronautics and Space Administra- 
tion, the European Space Agency and the Science and Engineer- 
ing Research Council of the U.K. 



The phase-folded hght curve is displayed in Fig. |l]. The data 
obtained during different observing seasons are plotted using 
different symbols, in order to show the shape variation. We 
emphasize that the data corresponding to secondary eclipse 
(observed during 1998 as well as during 2000) was obtained, 
in both cases, during consecutive nights; i.e. the discrepancy 
can not be ascribed to a period uncertainty. 



6 LIGHT AND VELOCITY CURVE 
MODELLING 

Being visible the spectrum of only one binary component, 
the derivation of masses and absolute dimensions for this 
system is not straightforward. However, and alternative ap- 
proach suitable when the system present a Roche-lobe filling 
geometry and deep eclipses is to obtain the mass ratio solely 
from the hght curve. We attempted to follow that approach. 
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Table 1. V light photometry of Sk-69°194 
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although the variation of the shape of the secondary echpse 
between 1998 and 2000 increases the uncertainties of the 
solution. 

Unfortunately, it was not possible to derive a photo- 
metric q from our light curve. We found solutions with q 
(q = M2/M1, where M2 corresponds to the B supergiant) 
ranging from 0.6 to 1.67, with practically the same degree 
of significance. The solution with g = 1.67 gives a mass of 



~ 127 Mq for the BOI star, therefore can be disregarded. 
Only the solutions with lower mass ratio {q ~ 0.7 ~ 0.8) 
provide masses and radii according whit what is expected 
for B supergiants. However, for all cases, the solutions corre- 
spond to overcontact systems. In these configurations, ther- 
mal contact between both components exists, hence the sur- 
face temperatures of the stars are similar. It is compatible 
with the light curve, that shows eclipses of similar depth, but 
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Figure 2. Normalised CCD spectra of Sk-69°194 obtained at CASLEO, corresponding (from top to bot) to phases 0.016, 0.284, 0.503 
and 0.634, respectively. 



the very different spectra of the stars suggest unlike physical 
conditions of their atmospheres. In spite of the wide range of 
mass ratios of the possible solutions, the orbital inclination 
is 75 ± 1° for all of them. This inclination, together with 
the observed radial velocity curve, yields for a2 a value of 
49.1 ±4.3 R0. 



7 DISCUSSION 

Massey et al. (2000) classified Sk-69°194 as BOI+WN, and 
pointed out that the weakness of the WR emissions pre- 
sumably is due to the continuum being dominated by the B 
supergiant. The temperature inferred from the light curve is 
compatible with that of a late WN, but all the solutions 
point to comparable magnitudes. In addition, no orbital 
movement is detected in the emission, although it would 
be intrinsically difficult to measure due to its weakness. 

On weighing the observational data and the W-D mod- 
elling, we speculate about the alternative nature of the com- 
panion of the B supergiant: 



• May be that it is truly a late WN star, with very weak 
emissions. The fact that no orbital movement is detectable 
from Hell 4686 can be ascribed to the difficulty of measuring 
the radial velocity of a broad emission superposed with the 
absorption lines of the other star. 

• It is possible that we are seeing a thick disk that hide 
one of the binary components. The Hell 4686 emission can 
be originated in the region between (or surrounding) the 
stars. 

Both hypothesis, though, do not agree with the overcon- 
tact configuration inferred from the W-D solutions. In one 
case, this contradiction can be ascribed to the interaction 
effects caused by the WR winds and radiation pressure (see, 
for example, Drechsel et al. 1995) . On the other hand, if we 
are seeing an accretion disk, the W-D model must be consid- 
ered with extreme caution, since the system's shape would 
be very d ifferent from the Roche-lobe geometry. Kondo et 
al. (2002) reviewed the main problems of close binary mod- 
elling, especially that concerning to Roche-lobe geometry. 
Sk-69°194 is a system where such objections appear to be 
especially pertinent. Anyhow, it is interesting to mention 
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Figure 3. Observed and modelled radial velocity curve for Sk- 
69° 194 and their O-C residuals. 



that Walborn et al. (2002) suggest three different ways that 
leads to the WN stage, one of which being mass transfer bi- 
naries. In fact, the lack of discernible spectral features of the 
B companion can be explained if we suppose that it is be- 
hind a thick stream of turbulent matter, hypothesis that can 
also give account for the eclipse shape variation occurred be- 
tween 1998 and 2001. A spectroscopic study encompassing 
a complete orbital period, at a higher resolution than that 
one can reach at CASLEO, could contribute to enlighten 
this issue. 

The system remarkably resembles HD 163181 (=V453 
Scorpii) (Josephs et al. 2001, and references there in), in 
which only one spectrum is visible (BN0.5 la). That system 
has a period of ~ 12 days with radial velocity excursions of 
nearly 400 km s~l, also exhibiting enhanced nitrogen abun- 
dance and signs of mass transfer. 

From the derived values for a2 and i, we have 
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49.1(1 +g) R, 







Ml = 10.65(1 -H(7)^M0 

and 

M2 = 10.65g(l + g)^MQ. 

Assuming for the BO supergiant a mass of ~ 25 Mq 
(Schmidt-Kaler 1982), the corresponding q is ~ 0.75 and 
Ml is ~ 32.5 Mq. However, it is important to have in mind 
that the derived value for the inclination depends on the 
assumption of Roche-lobe geometry, although its constant 
value for a wide range of possible mass ratios suggests that 
it should not be very far from the actual value. 



